1. Introduction
===============

In most western countries, prostate cancer is the second leading cause of cancer-related death in men, and the most common nonskin cancer among men in northern European countries and the United States.^\[[@R1]--[@R3]\]^ The data of GLOBOCAN2012 show that the estimated number of new cases worldwide was 1,095,000, with an estimated 307,000 deaths.^\[[@R4]\]^ Despite the fact that most men treated for localized prostate cancer are cured, 20% of patients will experience recurrence of the disease.^\[[@R5]\]^ Androgen deprivation therapy is commonly used for men with recurrent, progressive, or metastatic prostate cancer that is androgen sensitive,^\[[@R6]\]^ but almost all of these patients will eventually develop castration-resistant prostate cancer (CRPC) despite low levels of testosterone.

Recently, the therapeutic options for metastatic CRPC (mCRPC) has increased, including immunotherapy (sipuleucel-T), chemotherapeutics (docetaxel and cabazitaxel), hormonal therapies (abiraterone acetate and enzalutamide), and bone-targeted therapies (denosumab and radium-223).^\[[@R7]--[@R12]\]^ However, the efficacy of these treatments is not good and they characteristically cause many adverse effects (AEs). For this reason, the development of new drugs for CRPC is ongoing. A study found that angiogenesis play a vital role in the process of prostate cancer development. Other findings have revealed that microvascular density is substantially higher in metastatic prostate cancer tissue and the expression level of vascular endothelial growth factor is associated with the degree of cancer differentiation.

Tasquinimod is an oral quinoline-3-carboxamide derivative with antiangiogenic, immunomodulatory, and antimetastatic properties.^\[[@R13]--[@R16]\]^ Preclinically, the growth of prostate cancer in clinical tumors from patients with localized or metastatic, androgen receptor (AR)-positive or AR-negative, AR wild-type or mutant, as well as prostate-specific antigen (PSA)-positive or PSA-negative cancers, can be strongly inhibited by tasquinimod in vivo, for a range of phenotypes and genotypes.^\[[@R17]\]^ The molecular target of tasquinimod is S100A9 (MRP-14), a suitable therapeutic target in oncology that, as suggested by tumor growth is impaired in S100A9 knockout mouse models.^\[[@R18]\]^ Tasquinimod binds to histone deacetylase,^\[[@R4]\]^ a potential target, as has been described in various in vitro studies, which may result in reductions in stress-mediated hypoxia signaling and angiogenesis induction in the tumor microenvironment.^\[[@R19]\]^ These data suggested a novel mechanism for tasquinimod efficacy in prostate cancer, which is different from other agents that have been evaluated to date.

Since the publication of randomized phase II and III studies of maintenance therapy with tasquinimod in patients with mCRPC, several AEs of tasquinimod have been reported, including skeletal pain, digestive disorders, fatigue, insomnia, and mental disorders. The aim of this study was to determine whether tasquinimod therapy improves patient outcomes and to perform a pooled analysis evaluating the risk ratio (RR) for AEs of tasquinimod in patients with mCRPC.

2. Materials and methods
========================

2.1. Search strategy
--------------------

This meta-analysis was carried out in accordance with the guidelines of the Preferred Reporting Items for Systematic Review and Meta-Analyses statement (PRISMA). We carried out a search of the PubMed, Embase, and Cochrane Library databases covering all papers published up to March 2018. The language was restricted to English, and we used search terms that were a combination of subject headings and free text words, with the keywords "prostatic neoplasms" and "tasquinimod." All eligible studies were retrieved, and their references were cross-searched to identify additional suitable studies. We have included the most complete published report when the data published by the same investigators overlapped (see Supplemental List, for the detailed search strategy terms).

No ethical approval and consent from patients are required as all analyses were based on previous published studies.

2.2. Study selection
--------------------

Studies were included in our meta-analysis if they met all of the following criteria: tumors were mCRPC, confirmed by pathological or histological examination; the study was a randomized controlled trial (RCT) and evaluation was conducted of the association between efficiency of tasquinimod and survival; and inclusion of complete information was included of hazard ratios (HRs) with their 95% confidence interval (CI). The main reasons for excluding studies were if they were: case reports, editorial, reviews, animals studies, or conference abstracts without original data; duplicates of previous publications.

2.3. Screening and data extraction
----------------------------------

In this study, data extraction and quality assessment were done independently by 2 investigators (PG, XL), and agreement on all items. For each study, we extracted the following characteristics: first author surname, year of publication, country, number of patients, HRs with their 95% CI, and AEs indicators, including the number of patients with cancer pain, decreased appetite, nausea, fatigue, constipation, anemia, asthenia, decreased weight, back pain, pain in extremities, arthralgia, diarrhea, insomnia, vomiting, and peripheral edema of all grades. If the above data were not reported, items were designated as "NR (not reported)."

2.4. Risk of bias assessment
----------------------------

We applied the Cochrane Collaboration tool for assessing risk of bias, including the following items: generation of randomization sequence, allocation concealment, blinding, incomplete outcome data, selective reporting, and other bias. This tool mainly evaluates the risk of bias based on six domains of bias, and determination is made according to "low risk of bias," "unclear risk of bias," or "high risk of bias" for each indicator (see Supplemental Figure 1, which describes the risk of bias assessment).

2.5. Outcomes
-------------

In our study, the primary outcome was radiologic progression-free survival (rPFS), and the secondary efficacy endpoint was overall survival (OS). HR and its 95%CI were used to estimating the effect of tasquinimod on survival in mCRPC patients. RRs and their 95% CIs were used to estimate the adverse effects of tasquinimod on survival in patients with mCRPC.

2.6. Statistical analysis
-------------------------

Two separate analyses were performed for articles reporting extended rPFS with the use of tasquinimod and AEs of tasquinimod. We only used the sources for HRs and RRs that were given explicitly in the published studies, and we used a Mantel--Haenszel random-effect model to weight and pool the estimates of HRs and RRs. Chi-squared tests and the *I*^2^ statistic were used to quantify heterogeneity.^\[[@R20],[@R21]\]^ A funnel plot test was used to assess publication bias.^\[[@R22],[@R23]\]^ Statistical significance was considered to be when the 95%CI for the HR did not include 1 (equivalent to *P* \< .05). All *P* values were 2-sided.

In our meta-analysis, all statistical analyses were conducted using STATA 13 statistical software (Stata Corp., College Station, TX) and Review Manager 5.3.

3. Results
==========

3.1. Search results
-------------------

The results of the search strategy are described in Fig. [1](#F1){ref-type="fig"}. With our retrieval strategy, a total of 61 studies were found. Upon further screening, 10 reports were excluded as they were duplicate publications, 2 were excluded for having no overall text, and 4 were excluded because they were animal and not human studies. After excluding duplicate studies, screening the titles and abstracts, and reading the full texts, 3 studies were selected for the final evaluation; the characteristics of these studies are summarized in Table [1](#T1){ref-type="table"}.^\[[@R24]--[@R26]\]^ The total number of patients was 1568. All 3 studies were dealing with rPFS, but OS results were not significant in 2 in the studies of final evaluation because no safety concerns were raised.

![Flow chart of search strategy.](medi-97-e13204-g001){#F1}

###### 

Main characteristics and results of the eligible studies.
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3.2. Meta-analysis results
--------------------------

The main results of the meta-analysis are listed in Table [2](#T2){ref-type="table"}. The pooled results from the 3 included studies indicated that tasquinimod was associated with good rPFS in mCRPC (HR: 0.62, 95% CI: 0.54--0.72, *P* \< .001, *I*^2^ = 0.0%) (Fig. [2](#F2){ref-type="fig"}).

###### 

Main meta-analysis results.
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![Forest plot of hazard ratio for the association of tasquinimod and radiologic progression-free survival.](medi-97-e13204-g004){#F2}

The RRs and 95% CI: for all aspects of AEs are listed in Table [3](#T3){ref-type="table"}. Tasquinimod was associated with AEs in mCRPC. The results of meta-analysis indicated that patients with mCRPC who received treatment with tasquinimod had AEs that included obvious anemia (RR: 1.35, 95% CI: 1.06--1.73, *P* = .02, *I*^2^ = 0.0%), back pain (RR: 1.57, 95% CI: 1.01--2.47, *P* = .05, *I*^2^ = 30.0%), pain in extremity (RR: 1.90, 95% CI: 1.14--3.17, *P* = .01, *I*^2^ = 24.0%), insomnia (RR: 1.50, 95% CI: 1.03--2.17, *P* = .03, *I*^2^ = 0.0%), vomiting (RR: 1.52, 95% CI: 1.04--2.21, *P* = .03, *I*^2^ = 0.0%), and peripheral edema (RR: 1.52, 95% CI: 1.03--2.23, *P* = .03, *I*^2^ = 0.0%). Other AEs demonstrated no significant association with tasquinimod (Fig. [3](#F3){ref-type="fig"} ).

###### 

Meta-analysis results of AEs.
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![Forest plot of hazard ratio for the association of tasquinimod and AEs. A = All AEs, B = decreased appetite, C = nausea, D = fatigue, E = constipation, F = anemia, G = asthenia, H = decreased weight, I = back pain, J = pain in extremity, K = arthralgia, L = diarrhea, M = insomnia, N = vomiting, O = peripheral edema.](medi-97-e13204-g006){#F3}
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3.3. Publication bias
---------------------

We used a funnel plot with pseudo 95% confidence limits to assess publication bias. As shown in Supplemental Figures 2 and 3, the shape of the funnel plot demonstrated cursory symmetry in terms of rPFS and all aspects of AEs.

4. Discussion
=============

Tasquinimod is a novel small-molecule inhibitor and second-generation oral quinoline-3-carboxamide analog with antiangiogenic properties and tumor growth-inhibiting activity against human prostate cancer models.^\[[@R27]\]^ The mechanism of inhibition of angiogenesis has been demonstrated in different in vitro assays including endothelial capillary tube formation, aortic ring, and chorioallantoic membrane assays.^\[[@R15]\]^ In addition, tasquinimod binds to S100A9, which has a role in cancer via myeloid derived suppressor cells and displays antiangiogenic properties and antitumor activity in prostate cancer models.^\[[@R16],[@R18],[@R19],[@R28]--[@R31]\]^

For patients with mCRPC, docetaxel is considered the reference systemic therapy, with investigational efforts through 2012 directed toward predocetaxel, docetaxel combinations, and postdocetaxel therapeutic domains. We observed that there is no clear benefit with endothelin-a inhibitors atrasentan or zibotentan among predocetaxel targeted therapy regimens for mCRPC. This evidence demonstrates that tasquinimod may be a superior treatment for mCRPC.

In our study, we pooled previous RCTs of tasquinimod to verify that it has better performance for extended rPFS in patients with mCRPC, however, the agent is controversial owing to AEs. Our meta-analysis revealed that significant AEs in patients using tasquinimod included anemia, back pain, pain in the extremities, insomnia, vomiting, and peripheral edema. These findings suggested that the toxicity of tasquinimod must be considered before it commercialized.

What\'s more, the following points are worth noting. First, there are few published results of RCTs about tasquinimod; therefore, the publication bias for rPFS and AEs may be a debatable point. Next, we could not explore treatment outcomes with subgroup analysis by different ethnicities owing to a lack of access to individual patient data. Last, we only included trials comparing tasquinimod with placebo and we excluded trials comparing other treatment strategies to reduce heterogeneity.

5. Conclusions
==============

Our meta-analysis suggests that use of tasquinimod is associated with better rPFS in mCRPC. However, the toxicity of tasquinimod requires further investigation; therefore, it is not recommended for routine clinical use. Our findings should be interpreted with caution owing to the heterogeneities of the included studies and bias of the pooled analysis. Further, clinical studies should be carried out to determine the efficacy of tasquinimod, especially the related AEs. As always, patients should be encouraged to participate in clinical trials.
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